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Abstract 
This paper demonstrates the application of an approach to storage capacity estimation using a classification 
system that closely follows the Petroleum Resource Management System (PRMS) recommended by the Society of 
Petroleum Engineers. We apply the approach to an assessment of the storage capacity of a hypothetical, but 
representative storage site in the Surat Basin, onshore Australia. The assessment assumes the CO2 is captured from 
sources in south Queensland and transported to the potential storage site. We estimate that the "Prospective Storage 
Capacity" is between zero and 560 million tonnes.  
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1. Introduction 
In an earlier paper [1] we describe an approach to estimating CO2 storage capacity that closely follows 
the internationally accepted approach for oil and gas reserves estimation, namely the Petroleum Resource 
Management System (PRMS) recommended by the Society of Petroleum Engineers [2]. The approach 
involves an integrated geological, engineering and economic assessment of the capability of a CO2
injection site to store CO2. Key aspects of the approach in the PRMS are that defining oil and gas reserves 
and resources requires (a) assessments of production capability (geoscience) and commerciality 
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(economics) and (b) the explicit recognition of uncertainty in reservoir and commercial factors affecting 
field development.  
By analogy, defining CO2 storage capacity would require (a) assessments of injectivity coupled with 
the economics of injection and (b) analysis of uncertainty in reservoir and commercial parameters 
affecting injection. 
The PRMS has a category called “Reserves”. In short, these are volumes of oil and gas that can be 
produced commercially. It has a category called “Contingent Resources", which are volumes of oil and 
gas that might be commercially recoverable under future conditions. Finally, it describes “Prospective 
Resources" as volumes of oil and gas that are not yet discovered, but might be commercially recoverable 
after further exploration and development. Each of these categories is further divided into subcategories 
depending on our levels of confidence that oil and gas will be commercially extracted. For instance, 
"Proven" ("1P") refers to reserves for which we have a high confidence that the volume will be 
commercially extracted. "Proven plus probable" ("2P") and "Proven plus probable plus possible" ("3P") 
refers to reserves for which we have a progressively lower levels of confidence that the volumes will be 
commercially extracted. See Figure 1. 
By analogy, our ability to store CO2 could be classified as “Commercial Storage Capacity", 
“Contingent Storage Capacity” and “Prospective Storage Capacity”. We define these in [1] and below. 
They are similar to the definitions used under the PRMS. See Figures 1 and 2. Other researchers have 
suggested similar classifications. For instance, see [3]. 
A condition of having "Reserves", or "Contingent Resources" or "Prospective Resources" is that there 
must be a market or a potential market for the oil or gas produced. This condition is required even though 
the amount of oil or gas that can be marketed is uncertain. Similarly, in the case of CO2 injection, there 
must be a source or sources of CO2 that can be stored in the site even though the rates of emissions from 
those sources are uncertain. 
1.1. Definitions 
"Commercial Storage Capacity" is that storage volume anticipated to be commercially available for 
carbon capture and storage projects from a given date forward. Commercial Storage Capacity must 
further satisfy the following criteria — it must be verified, contain injectable rock volume with a low 
chance of leakage, be commercial, be remaining (as of the evaluation date) based on the carbon capture 
and transport project(s) applied. Commercial Storage Capacity is further categorised in accordance with 
the level of uncertainty associated with the estimates and may be sub-classified based on project maturity 
and/or characterised by development and injection status. 
"Contingent Storage Capacity" is that storage volume estimated, as of a given date, to be potentially 
available in known sub-surface formations, but the applied carbon, transport and storage projects are not 
yet considered mature enough for commercial development because of one or more contingencies. 
Contingent Storage Capacity may depend, for example, on projects for which there is currently no carbon 
price, or where commercial injection is dependent on technology under development, or where evaluation 
of the accumulation is insufficient to assess commerciality clearly. Contingent Storage Capacity is further 
categorised in accordance with the level of uncertainty associated with the estimates and may be sub 
classified based on project maturity and/or characterised by their economic status. 
"Prospective Storage Capacity" is that storage volume estimated, as of a given date, to be potentially 
available in unverified sub-surface formations to future development projects. Prospective Storage 
Capacity has both an associated chance of discovery and a chance of development. Prospective Storage 
Capacity is further subdivided in accordance with the level of uncertainty associated with injectable 
estimates assuming their discovery and development and may be sub-classified based on project maturity. 
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Fig. 1. – Proposed CO2 Storage Capacity Management 
System 
Fig. 2 – Petroleum Resource Management System 
1.2. Uncertainty 
A key aspect of estimating storage capacity is the recognition that such estimates are uncertain. This is 
because they rely on uncertain estimates of storage reservoir properties, CO2 injection rates, the costs of 
transport and injection and the price of CO2 over the life of a storage project. We take these uncertainties 
into account by describing the variables by probability distributions and then using Monte Carlo 
simulation to derive a probability distribution of CO2 storage capacity. This allows us to specify levels of 
confidence in storage capacity estimates in a similar way to that employed in the PRMS. 
1.3. Example storage site 
We assess the capability of storing CO2 in a hypothetical site with reservoir properties similar to those 
of the Surat Basin, onshore Australia.  Our example is hypothetical. However, it has parameters that are 
reasonably representative of an actual situation. The assessment assumes that the CO2 is captured from 
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CO2 emission sources in south Queensland and transported to the potential storage site over 370 
kilometres away. The potential CO2 emissions and injection rates vary and the range has a mean of 18 
million tonnes of CO2 per year.  
2. Assumptions 
The reservoir, injection rate and CO2 price assumptions used in our analyses are set out in Table 1. The 
variables are described either by probability distributions or by single values. Ideally all uncertain inputs 
should be described by probability distributions. However, for this example we are constrained by 
computational limitations in our modeling.  
The probability distributions are defined by their "P90" and "P10" values ("confidence levels"). A P90 
indicates that there is a 90% probability that the value will equal or exceed that specified.  A P10 
indicates that there is a 10% probability that the value will equal or exceed that specified. We also assign 
probability distributions to capital, operating and decommissioning costs of transport from the source and 
injection into the storage site. The cost distributions are not shown in Table 1. 
Table 1. Assumptions 
Parameter Distribution/Estimate Single values P90 P10 
Area in square kilometres Log normal  10,000 17,500 
Depth of base seal in metres Log normal  1,170 2,070 
Formation thickness in metres Log normal  30 130 
Permeability in millidarcies Log normal  100 2,500 
Porosity Best estimate 20%   
Formation temperature Best estimate 15°C + 30°C per km   
Formation pressure gradient  
in megapascals per km 
Best estimate 10   
Fracture gradient  
in megapascals per km 
Best estimate 15   
Injection rate  
in million tonnes per year 
Normal  10 25 
Carbon price in A$ per tonne Log normal  20 150 
We use an in-house data-base to determine the required number of wells for given injection rates. The 
data-base contains the results of reservoir simulations that generate approximately 15,000 generic cases 
with different reservoir properties. The simulations determine maximum injection rates and the well 
numbers required in each case. They are based on simplified 3D reservoir models with homogeneous 
formations. Injection takes place in the centre of the formation and occupies 25% of the total formation 
area. Only the bottom third of the formation is perforated for CO2 injection. We inject CO2 for 25 years, 
which is the assumed life of the capture project supplying the CO2. For a more detailed description of the 
data-base and its construction, see reference [4]. 
We estimate the costs of CO2 storage for 200 cases with different combinations of reservoir 
characteristics and CO2 injection rates. The costs exclude the costs of capture and initial compression 
before transmission. The costs are estimated in 2011 Australian dollars. We assume a real discount rate of 
7%. We do not include income or other taxes. 
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We estimate that part of the carbon price that will be required to justify the transport and injection 
project. The price of carbon required is equivalent to the specific cost of CO2 avoided by storage. The 
carbon price shown in Table 1 is the total price of CO2 that would be received by a company that 
captures, transports and injects CO2. Only a portion of this price would be available to cover CO2
transport and injection costs. We assume that this portion ranges between 25% and 50% of the total and is 
described by a log normal probability distribution. The result is that the range of net-back CO2 prices that 
are used to cover the costs of transport and storage only are between A$7 and A$57 per tonne at the P90 
and P10 confidence levels. 
We assume that the potential storage capacity of formations in the Surat Basin would be classified as 
“Prospective”. Several wells have been drilled that indicate the existence of reservoir/seal pairs. However, 
we cannot guarantee the continuity of the upper and lower limit of the formations. Therefore, we assume 
that the formations are not yet “verified” for CO2 storage. Further exploration and appraisal would be 
required. Furthermore, there are no plans for injection and no contracts are in place to capture, transport 
or inject CO2.
3. Analysis, discussion and conclusion 
By combining the assumptions described above, we derive a probability distribution of the Prospective 
Storage Capacity of the injection site. The results are shown in Table 2. The site is not sufficiently 
matured to justify Commercial Storage Capacity or Contingent Storage Capacity classifications. Table 2 
indicates the level of uncertainty of the estimates. These have the following meanings -  
"Low"  - There is a 90% probability that the estimate will equal or exceed the value shown. 
"Middle"  - There is a 50% probability that the estimate will equal or exceed the value shown. 
"High"  - There is a 10% probability that the estimate will equal or exceed the value shown. 
Table 2. Final results 
Capacity in million tonnes of CO2 Low Middle High 
Commercial Storage Capacity Zero Zero Zero 
Contingent Storage Capacity Zero Zero Zero 
Prospective Storage Capacity  Zero 235 560 
Prospective Storage Capacity is zero in the "Low" category. This reflects those results based on low 
carbon prices, high transport and injection costs, unfavourable reservoir conditions or a combination of 
these. Improved conditions lead to higher capacity estimates in the "Middle" and "High". Our analyses 
indicate that there is a 55% probability that the Prospective Storage Capacity exceeds zero.  
The range of results also reflects the range of potential injection rates as well as the source of CO2 and 
its distance from the injection site. High injection rates might be uneconomic because they require a 
prohibitively large number of wells or a large, expensive pipeline. In contrast, low injection rates might 
be more feasible. However, they might not generate sufficient revenue from the carbon price to justify 
development. Therefore, the range of results reflects the engineering and economic conditions for 
injection, not just the physical size and other attributes of the reservoir. 
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In other words, a key aspect of this analysis is that its approach relies on the effects of injectivity and 
economics. This contrasts with analyses based on geological evaluations based on estimates of pore 
volume and "storage efficiency". See reference [5] for a description of these. Physical estimates tend to be 
significantly larger than those based on a PRMS-type approach at least partly because they ignore the 
effects of parameters connected with the source of CO2, the distance to the injection site, the injectivity of 
the reservoir and the overall economics.  
For instance, reference [6] indicates that the storage capacity of several sandstone formations in the 
Surat Basin is in the range 6.1 gigatonnes (the “P90” estimate) to 16.1 gigatonnes (the “P10” estimate).  
In contrast, our estimate is for a reduced area in the same basin. The range of total reservoir areas 
assumed in reference [6] is approximately 3 times that assumed on our estimates. However, even allowing 
for this difference, our capacity estimates are lower by several times. 
In effect, the physical estimates implicitly assume that we can inject at any rate, regardless of the price 
of CO2. They also ignore explicitly the conditions of the CO2 source and the transport aspects. While it is 
important to know the size and other aspects of the potential storage reservoir, other factors are vitally 
important in estimating capacity and can lead to very different estimates. 
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